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(54) Laser cutting method 

(57) A laser cutting method that offers a 

practically acceptable smooth cut surface without 
lowering the cutting speed. In this method, a laser 
beam machining device having a variable-curvature 
mirror assembly is used. The mirror assembly includes a 
mirror plate having a convex back side and a front 
reflecting surface, and a piezo-actuator for deforming 
the mirror plate to change the curvature of the 
reflecting surface. A laser beam is produced from the 
device so as to be reflected by the reflecting surface 
of the mirror plate and condensed at a focal point. The 
piezo-actuator is actuated to change the curvature of 
the reflecting surface, thereby oscillating the focal 
point along the optical axis of the laser beam at a 
frequency of between 150 Hz and -300 Hz and an 
amplitude of between± 0.5 mm and ± 3 mm. 



FIG. 1 
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D scription 

BACKGROUND OF THE INVENTION 
[0001] 
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t00 J? 1, l . ThiS invention re,ates to a method of melt-cutting workpieces usinq laser beams as a h^t en,,™ 

ES** 0 ! method of cuttlng whi,e keeplng high cutting sp * ed to P rovide a^&^L 

St the ^ US ^ b — - intended area and a gas Is blown 

1) Takaes etal.. Advanced Laser Beam Cutting Using Adaptive Optics. ECLAT96, PP 971 

cut speed) and the oxidation reaction between oxygen and iron at the cut point The s^aksLSnl ^L P K ( ° r 
of theo* surface. The thus formed streaks are Arranged at irregS^ 

[0005] Pulse oscillated laser beams are also sometimes used for laser cutting Pulse oscillated la^r h oamc 
minimize the heat-affected layer, thus permitting more precise cutting. But the ^^ed^m^ilTL^^ 
less than half the speed when continuously oscillated laser beams are used 9 beamS IS 

SSSSt tho^ 6 the „ r f f .? re th0U Ef lt 0f devel °P in 9 the method proposed in the above-mentioned documents That is 
thought that .t might be possible to obtain a smoother cut surface without lowering the cuWnq soeed a wori^r* 
is cut using continuously oscillated laser beams while oscillating the focal point 9 P wo *P'ece 

£S2y resu? depending Upon the conditions as t0 how focal point is oscillated, this method can even produce a 
5» Hz r^VrZ2 SP ^\' f cuments 1 > and 2)- the fo <*' P°int is oscillated at frequencies of up to 150 Hz and 

ST^ff^r condensa " on swt «" lncreasa ,n spal " amae " S'v iSn*S? i™£2 £ 

SUMMARY OF THE INVENTION 

fte euttng speed towm. Thus, blurring of lt» condensation spot is suppressed h "uSng I SSbSjSUSS ^.S 
einSstde""™' """^ * °* k '" !SS al!, * U,i0n °" lls Mck » °" e » ™* t^Ssf ifKrTE", 
50 [° 014 1 Besides, for laser beams, continuous oscillation beams are used 

ass s ^^yw^ss,^ slt,se «ssjk ss s £ 

effect will be the maximum especially at around 200 Hz. It was also found out that for flatten^ of i L r?,t „,!L~. 
it is necessary to keep the oscillation width or amp.itude of the focal point within . the range of f 0 5 mm to ± 3 mm ' 
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[0016] Next, as a method of oscillating the laser beam focal point at high speed in the optical axis direction, 
it is the most practical to use a laser machining machine equipped with a variable-curvature mirror in the optics 
and control the divergence angle of the beams incident to the condensation lens. This is because a piezo-actuator 
for resiliently deforming the mirror plate of the variable-curvature mirror is an element allowing shrink/expand 
control at high speed. 

5 [0017] In order to prevent blurring of the condensation spot, the reflecting surface of the mirror should have a 
surface accuracy of less than 1/10 of the wavelength. For CO 2 laser beams (wavelength: 10.6 urn), the reflecting 

surface accuracy has to be less than 1 urn. One effective way to meet these requirements is to convex the back of the 
mirror because such a mirror is deflected uniformly when pressure is applied to the center of the back by the 
actuator. Even after deformation, the reflecting surface accuracy can be kept at 1 urn or under. 
10 [0018] As mentioned above, cutting speed using pulse laser beams is less than half the speed when continuous 
laser beams are used. Moreover, since the pulse oscillation frequency range substantially coincides with the focal 
point oscillation frequency range envisaged in the present invention (several tens of hertz to several hundreds of 
hertz), no expected advantages of the invention are sufficiently achievable with pulse oscillated laser beams. Thus, 
continuously oscillated laser beams are used. 

[0019] Other features and objects of the present invention will become apparent from the following description 
15 made with reference to the accompanying drawings, in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] 

20 

Fig. 1 is a view showing a laser beam machining device used for the method of the present invention with an 
optical system enlerged; 

Fig. 2 is a view showing how the laser beam focal point is oscillated; 

25 Fig. 3 is a graph showing a typical focal point oscillation curve; 

Fig. 4 is a graph showing the relationship between the focal point oscillation frequency and the roughness of the 
cut surface; and 

Fig. 5 is a schematic sectional view of a mirror assembly mounted in the device of Fig. 1. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0021] Now the embodiment is described. A piezo-actuator-controlled variable-curvature mirror assembly 1 as 
shown in Fig. 5 was manufactured according to a reference ("Development of Adaptive Mirror for C0 2 Laser" by 
35 Takeshi Okada et al. SEI Technical Review, No. 152, P183). The mirror assembly 1 comprises a mirror plate 1a 
supported on a mirror mount 1b, and a piezo-actuator 1c for deforming the mirror plate 1a by applying pressure. The 
following are the specifications of this assembly: mirror mount diameter D: 100 mm, reflecting surface diameter d: 
62 mm, stroke of the piezo-actuator 1c: 30 pm, positioning accuracy: + 1 urn, shape of the reflecting surface of the 
mirror plate 1a when not pressed: flat, range of curvature of reflecting surface: infinity to convex 20 meters, 
effective diameter: 50 mm. In order that mirror plate 1a will form a highly precise spherical reflecting surface, 
its back is arcuately convex so that its thickness increases continuously toward the center. To minimize reflection 
loss, gold was deposited on the reflecting surface. 

[0022] As shown in Fig. 1, the mirror assembly 1 of the above specifications was mounted on a machining head 3 
of a C0 2 laser beam machining device in the optical path upstream of a condenser lens 2. The laser oscillator used 
in the machining device is not limited to a C0 2 laser oscillator but may be e.g. a YAG laser. Instead of the condenser 
45 lens 2; a parabolic mirror or any other known optical means may be used to condense laser beams. 

[0023] As shown in Fig. 2, by changing the curvature of the mirror plate 1a of the mirror assembly 1, it is 
possible to control the divergence angle 9 of the laser . beam 4 entering the condenser lens '2 and thereby move or 
oscillate the focal point f of the beam along the optical axis. 

[0024] The method of the present invention was carried out using this laser beam machining device. The Beam 
conditions were CW, output 1 kw, Gauss mode. The workpiece W used was a mild steel plate 6 mm thick. 
50 [0025] The condenser lens had a focal distance of 7.5 inches (190.5 mm). The mirror plate 1a was controlled to 
oscillate the focal point at an amplitude of ± 1.5 mm (amplitude S in Fig. 1=3 mm) with a sine wave as the 
oscillation waveform. Fig. 3 shows the focal point oscillation profile. 

[0026] The center C of oscillation was set at a depth of 1.5 mm from the surface of the workpiece W. The 
workpiece W was fed at a speed of 1 meter per minute. The focal point thus oscillates in a sinewave as shown in Fig. 
55 . 3 ' 

[0027] Cutting was carried out while blowing an assist gas 6 through a nozzle 5 of the machining head 3 against 
. the workpiece W along the cut-line. The assist gas 6 used was oxygen pressured to 1.4 kgf/cm 2 (1.372 Pa), as with 
the conventional laser cutting. 
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ES^Ln . 9 t, ^ the relat ! onsh, P between the surface roughness of the cut surface and the frequency of focal 
f SU ^ 3C f rau9h " ess value shown is tne average of values measured at three points spaced mm 
3 mm and 5 mm from the top of the cut surface. As shown from Fig. 4. the effect of smoothening the cutTurfaceTs 
?m a £ ab ! e 3t fre S Uency D of I 50 - 300 Hz ' and most remarkable at a frequency of 200 Hz. That is atXq^eS of 
200 Hz, the roughness Ra decreased to about Ra 2 pm from Ra 6 pm at zero Hz (focal point not oscilSed) K 
5 frequency ,s within the range of 200 Hz to 300 Hz. smooth cut surface can be obtained more staSy even' if me 

S C0 " d *° ( n K S f 'V5 tUate ^" 9ht,y the frequencv ran9e be,ow 100 Hz - "0 improvement in surface roughness 
was observed. Rather, the surface roughness worsened in this region. In the frequency range higher than 400 Hz th| 
surface roughness was practically the same as at zero Hz. ^ 
[0029] Also, even if the focal point oscillation frequency was within the range of 150-300 Hz, no improvement in the 
10 thl + n c U9hneSS W3S ° b , SefVed r" 6 " me f0Cal point oscillation am P' itude fr° m »he center C of oXtion was lesl 

E ftlflT ° r „T r * 3 ?^ 1 ? US ' in 0rder ,0 achieve Dur P° se of Pre^nt invention, it is important mat 
the focal point oscillation amplitude S in Fig. 1 be within the range of ± 0.5 mm to + 3 mm '""ponani mat 

f.o°gSd effect waTachie'ved 5 Conducted USi " 9 PU ' Se ° SCi " ated ' 3Ser beamS Under ^ abov ^escribed conditions. But 

fnn^l S ' milar 9 °° d reSU ' tS 03,1 be acnieved for a workpiece made from a material other than mild steel 
[0032] In the present invention, it is necessary to use a laser beam machining device capable of oscillatino the 
SJ" ?° int at R 3 n '9* frequency. Also, such a device has to be capable of suppressing blurring of the SrteSSS^ 
ESI V CU H lf19 t !" e oscillation frequency and amplitude set within specific ranges mentioned above fine 

«SfJ Li° r T d 31 re9ular and sma » P itcnes - The °* ^rface is thus smooth as a 9 whole. Since continuously 
oscillated laser beams are used, drop in the cutting speed is prevented. wnunuousiy 

Claims 

1. A method of cutting a workpiece by use of a laser beam machining device provided with a variable-curvature 
n a T mb y h C ° mpr L Si ? 9 3 mirr ° r P,ate havin9 a convex back Slde and a reflecting surface and a 
n*!Llf St l y de K° r ^ ,n9 S3d mirror p,ate to cnan9e ^ curvature of said reflecting surface. S 

SStSf hff±T d by > Shed .K n9 a ' a f er beam fr0m said device a9ainst the workpiece while oscillafingTfo^l 
point of the laser beam along the optical axis of the laser beam. 

2. A method of cutting a workpiece wherein a laser beam from a laser beam machining device is shed on the 
workpiece while oscillating said focal point along the optical axis of the laser beam Ta frequency o? between 
150 Hz and 300 Hz and an amplitude of between ± 0.5 mm.and ± 3 mm. euuency or Deiween 

3 * rIfl e ^ h0d rf aS Cla ' med ^ °l aini 2 wherein 3 triable-curvature mirror assembly comprising a mirror plate having a 
223 15 P ro t v ' ded a l° n9 °f ° ptiCal patn of said laser beam machinin 9 device and said laser beam is 

SateT elasti-fh, S^lff ° f **** "1™. ^ a " d ? ndensed at a f ocal point, and wherein said mirror 

p^:^*%2%x%£^ mot 10 change the curvature of said reflecting surface ° f saw mirr ° r 

4. The method as claimed in any of claims 1-3 wherein said laser beam is a continuously oscillated laser beam. 
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FIG. 2 
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FIG. 4 
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